Abstract Red blood cells (RBCs) from phenylhydrazine-injected rats were separated according to their specific densities by centrifugation on a polyvinyl-pyrrolidone-coated colloidal silica matrix (Percoll). The deformability and osmotic fragility of fractionated RBCs were measured by ektacytometer and coil planet centrifuge, respectively. Immature reticulocytes, the least dense RBC subpopulation, were less deformable and osmotically more resistant than normal RBCs. Heinz-body containing RBCs, the most dense subpopulation, showed reduced deformability and increased osmotic fragility. These findings suggest that young reticulocytes have increased membrane stiffness and that Heinz-body containing RBCs have an extremely rigid membrane.
The deformation of red cells is an important cellular phenomenon in blood circulation (LEBLOND et al., 1971 ; BESSIS and MOHANDAS, 1975b) . The survival of red cells is critically dependent upon their ability to maintain normal flexibility which is regulated by three major factors : 1) the viscoelastic properties of the membrane ; 2) the geometry of the cell, including the ratio of cell surface area to cell volume; and 3) the viscosity of the intracellular hemoglobin milieu (MOHANDAS et al., 1979) . The preparation of blood samples highly enriched in reticulocytes and the measurement of their deformability and osmotic fragility are problems of great interest in studying the physiological membrane function. In this study, erythropoietically stimulated animals served those purposes and enriched fractions of reticulocytes were obtained by discontinuous isotonic-isoosmotic Percoll gradients. Their deformability and osmotic fragility were studied using ektacytometer and coil planet centrifuge. 
RESULTS

Stimulation of erythropoiesis
Hematocrit changes and blood reticulocyte values in rats after injections of phenylhydrazine hydrochloride are shown in Fig. 1 . Before the injection of phenylhydrazine, rats had a hematocrit of 39 %. During the next 2 days, as anemia developed and progressed, the hematocrit dropped to a low value of 22 %. From Days 4 and 5 the hematocrit rose gradually to 33 % and the percentage of reticulocytes increased as the bone marrow responded to the anemic stress. This increase can be attributed to the shifting of reticulocytes from the bone marrow pool to the circulating blood to compensate for the anemia. The blood (Days 5) was used for the following experiments.
Red cell separation by Percoll density-gradients
Fractionation of RBCs by isopycnic centrifugation on discontinuous Percoll gradients resulted in 9 fractions being formed (Fig. 2) . White cells and platelets were layered over the density 1.076 g/ml. Subpopulation A (1.076-1.080 g/ml), subpopulation B (1.092-1.100 g/ml), and subpopulation C (>1.116 g/ml) were Fig. 2. Typical separation of whole blood of phenylhydrazine-injected rat on discontinuous isotonic-isoosmotic Percoll density-gradients ranging from 1.068 to 1.124 g/ml. Subpopulation A, B, and C served to measure the deformability and osmotic fragility of erythrocytes.
obtained as shown in Fig. 2 . Subclassification of the NMB-staining was performed with respect to the Heilmeyer-Westhauser stages of maturation: stages I-II, heavily staining, young; stages III-IV, lightly staining, mature. Unseparated whole blood consisted of 68 % of reticulocytes (young and mature reticulocytes) and 26 % of Heinz-body containing red cells (Fig. 3-1) . Subpopulation A contained 95-100 % reticulocytes (85-95 % young, 0-12 % mature reticulocytes) and no Heinz-body containing red cells ( Fig. 3-2) . Subpopulation B contained 90-93 % reticulocytes (30-37 % young, 55-63 % mature reticulocytes) and 3-8 Heinz-body containing red cells (Fig. 3-3 ). Subpopulation C contained 97-100 Heinz-body containing red cells and no reticulocytes (Fig. 3-4) . By Percoll density-gradients young reticulocytes and Heinz-body containing red cells were highly purified in subpopulation A and C, respectively.
Red cell deformability by ektacytometry given by the undeformable Heinz-body containing red cells. Figure 5 shows the deformability of red cells from a normal rat and a rat , and subpopulation C (C) which were separated by Percoll discontinuous density-gradients.
had a hemolytic curve resembling that of unseparated whole blood. Subpopulation C (Fig. 7C ) which consisted of a majority of Heinz-body containing red cells showed increased osmotic fragility.
DISCUSSION
Many techniques for the separation of cells and organelles have been reported (LEIF and VINOGRAD, 1964; DANON and MARIKOVSKY, 1964; BOYD et al., 1967; PERTOFT and BACK, 1968; VETTORE et al., 1980; PERTOFT et al., 1978) . Desirable features of a density-gradient method for cell separation are easy and fast preparation of the gradient system, isotonicity, low viscosity, physiological pH at a suitable specific gravity, and absence of toxicity for the cells or red cell agglutination. Percoll fulfills these desiderata in the isopycnic separation of cells and subcellular materials (PERTOFT et al., 1978) . As shown in Fig. 2 , discontinuous density-gradients of Percoll were easily prepared and highly purified young reticulocytes were obtained in subpopulation A (Fig. 3-2) , and Heinz-body containing red cells in subpopulation C (Fig. 3-4) .
The deformability of red cells has been shown to be an important factor in 
